Differential Expression of Endogenous Virus Glycoprotein in Fibroblasts
and Sera of Some Adult Chickens (Accepted 30 July 1982) SUMMARY A rapid and convenient assay for the expression of endogenous retrovirus glycoprotein in adult chickens has been developed based on the enzyme-linked immunosorbent assay (ELISA) principle. This method has been standardized using the conventional chick helper factor test. In the course of establishing this method with a large number of specific pathogen-free (VALO) chickens, an interesting diversity became apparent; about 20 ~o of the birds which, according to chick helper factor tests performed with feather follicle fibroblast cultures were negative for endogenous virus glycoprotein expression, exhibited relatively high titres of reactive glycoprotein in serum. However, in no case was a chick helper factor-positive animal negative in serological tests. The possibility of endogenous virus antigen expression which either cannot be detected in fibroblasts, or is incapable of functioning in the chick helper factor complementation, is discussed.
Although it is accepted that endogenous avian retroviruses are present in the genomes of almost all chickens, the degree of expression is quite variable, according to the precise genetic nature and degree of subordination to host control of the endogenous virus information present (Robinson, 1978; Hughes et al., 1979 Hughes et al., , 1981 . The selection and characterization of chicken flocks with respect to virologically relevant parameters such as susceptibility and expression of endogenous virus information has been consistently hindered by the difficulty of performing tests using samples from adult chickens. The method of Crittenden (1971) for preparing cell cultures from re-growing feather follicles was an attempt to solve this problem, and was successful except for the difficulty of cultivating such small tissue biopsies and the time required from the initial picking of feathers until enough growing cells were available for virological procedures.
Endogenous virus expression was first detected as the so-called chick helper factor, an autosomal, dominant genetic determinant which conferred on positive chickens the ability to rescue the defective Bryan high titre strain of Rous sarcoma virus (Weiss, 1969; Hanafusa et al., 1970; Vogt & Friis, 1971) . Since the Bryan strain of Rous sarcoma virus was soon recognized to be defective in synthesis of virus glycoproteins (Scheele & Hanafusa, 1971) , the chick helper factor was quickly identified as being virus glycoprotein, in this case the gene product of endogenous virus information (Hanafusa et al., 1973; Halpern et al., 1975) . As we now know, this expression can be limited to virus glycoprotein or can include expression of other virus proteins, or even infectious Virus (Robinson, 1978) .
Serological equivalents to the chick helper factor test for complementation of the defective Bryan strain of Rous sarcoma virus have been developed; most conveniently, virus glycoprotein can be detected in samples from the animals' sera using radioimmune precipitation or radioimmune competition methods (Bosch et al., 1978; Smith et al., 1978) . The availability of good antisera prepared against avian retrovirus glycoproteins, and the development of an easy method for purification of such glycoproteins for use as antigen, have led us to work out conditions for an enzyme-linked immunosorbent assay (ELISA) (Engvall & Perlmann, 1972) to be described below. (11) and purified successively on 20 to 50°./o sucrose isopycnic and 20 to 50 ~ sucrose velocity gradients. The two purified virus preparations were mixed, treated with 1% SDS and analysed on a 5 to 25 % sucrose gradient containing 0-1% SDS. Fractions were assayed for radioactivity with a liquid scintillation counter, and for density (O) using a refractometer.
sucrose gradient containing 0.1~ SDS. Two distinct peaks appear. The [35S]methioninecontaining peak was composed almost entirely of the virus internal proteins (p27, pl 9, pl 5 and p12) according to SDS-polyacrylamide gel electrophoresis results, while the [3H]glucosamine peak was made up of 95 ~o pure virus glycoproteins (gp85 and gp37) (data not shown). Since the glycoproteins are known to be poorly labelled with methionine, the 35S labelling is not significant under the [3H]glucosamine peak. Using this simple procedure, relatively large amounts of virus glycoproteins could be easily prepared. Free SDS was removed in a desalting step on Sephadex G-50 (Pharmacia), and the resulting glycoprotein was found to function efficiently as antigen after coating on polystyrene microplates (M124-A, Greiner) for use in an ELISA procedure. Each well was exposed to approximately 100 ng of antigen at room temperature overnight in a sodium carbonate/bicarbonate buffer pH9.6, followed by exhaustive washing with phosphate-buffered saline containing 0.05 ~ Tween-20 according to the method of Voller et al. (1976) . An ELISA test was performed using rabbit antiserum prepared against ricin-affinity-purified virus glycoprotein (Bosch et al., 1982) at a dilution of 1 : 200, followed by washing, and incubation with horseradish peroxidase-conjugated goat anti-rabbit IgG (Cappel Laboratories) at a dilution of 1 : 400. After further washing, the peroxidase reaction was developed using 50 mM-citric acid pH 4 containing 2 mM-H202, and 0-2 mM-2,2'-azino-di-(3-ethylbenzthiazoline sulphonic acid) (ABTS; Boehringer, Mannheim) as described by Saunders & Bartlett (1977) . The reaction was carried out at room temperature for times between 10 and 30 min and was stopped with 0.1 M-HF. The absorbance was measured in the microplate using a Titertek Multiscan (Flow Laboratories) operating at 405 nm in the matrix mode. Calibration tests indicating that antibodies binding to insoluble virus glycoprotein could be competed by greater than 90 % by preincubation of diluted antiserum with purified avian retrovirus (subgroups A, B or E) (25 ~tg), or by 50 % with as little as 200 ng of SDS-sucrose-gradient purified virus glycoproteins (data not shown). For competition experiments, diluted antiserum was reacted for 2 h at 37 °C with test antigen samples; in the case of the endogenous virus glycoprotein assays to be described, these antigen samples were in the form of undiluted, centrifuge-clarified chicken serum samples.
For determination of chick helper factor activity, explant cultures were obtained from re- growing feather follicles essentially according to the method of Crittenden (1971) using Dulbecco's modified Eagle's medium with 5 ~ calf serum and 1 ~ chick serum. Immediately after the first transfer into 30-mm culture dishes, cells were infected with 1 x 105 focus-forming units of Prague strain of Rous sarcoma virus, subgroup B (PrB). The next day cultures were fed with medium containing 1~o dimethyl sulphoxide (Vogt et al., 1970) and, 3 days later, supernatants were harvested, freed of cells by centrifugation and frozen for analysis in a focus test (Rubin, 1960) . PrB infection had the advantage over defective Bryan strain Rous sarcoma virus that replication could be established for each feather culture by measuring the titre of virus in the supernatants in subgroup B-susceptible chicken embryo cells. Chick helper factor activity was detectable as an alteration of the host range in a fraction of the progeny virus; when supernatants were assayed on Japanese quail embryo fibroblasts, which are completely insusceptible to subgroup B viruses, but highly susceptible to subgroup E phenotypically mixed virions resulting from chick helper factor complementation, endogenous virus glycoprotein could be indirectly detected as focus-forming units. The sensitivity of the test was as high as the more conventional chick helper tests described previously (Friis et al., 1975) . Table 1 shows comparative results of ELISA and chick helper factor assays for a group of 20 chickens from a specific pathogen-free flock, VALO (Lohmann-Tierzucht, Cuxhaven, F.R.G.). These data were chosen from results on 80 chickens to reflect the different types of congruence and non-congruence between the two tests. The most striking result of the studies was that the ELISA method in no case produced a negative result where the biological chick helper factor test had indicated a positive result; hence, if one assumes a high reliability for the chick helper factor test, this would suggest that the ELISA method is free of false negatives, It is liable to provide false positive results, however, as in the last group of chickens, several examples are shown in which animals with significant ELISA titres for endogenous virus glycoprotein were lacking any detectable biological chick helper factor activity. A built-in control for the chick helper factor is inherent in the titre of subgroup B virus produced. There is a danger that some Short communications virus-inoculated cultures might not be growing, thus preventing retrovirus infection. If in addition to the phenotypically mixed virus with subgroup E properties the titre of the test virus is examined, it is possible to see that virus replication has occurred. All data in Table 1 are for chick helper factor assays in which PrB, the test virus, achieved titres of greater than 5 x l0 s, indicating successful replication. Hence, a negative result from the chick helper factor test means that complementation could have occurred, but did not. One must conclude that either no endogenous virus glycoprotein expression is taking place in these cultured fibroblasts, or the glycoprotein being produced is unable to function in complementation with this strain of Rous sarcoma virus. Comparable results were also obtained using a competitive radioimmunoassay as described by Bosch et al. (1978) . In all, about 20~o of the animals showing chick helper factornegative character in tests on fibroblasts gave positive ELISA values.
There is in fact evidence that chick helper factor-negative animals can express virus internal antigen and virus glycoprotein in lymphoid cells (Jurdic et al., 1980) . That such antigen might be shed into the serum is entirely reasonable, and is consistent with the results shown in Table 1 . Of particular interest in future studies of this problem is the correlation of such tissue-specific expression of endogenous retrovirus genes with one or more particular types of integrated endogenous virus (Robinson, 1978) . Such tissue-specific expression would provide a convenient model for study of gene expression relevant to differentiation.
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